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I.IATERIALS FOR SLACK DIAPERAuI'S 
3;;7- Traute ?uschiria.nn 



So-called slack diaphragms made of ruo"ber , leather, 
etc. - r:ore recently al<::o. of synthetic materials - are 
frequently eiai^loyed in r.easurin-? inct rur.ent g and for 
purposes of regulation and control. Up to now, no sys- 
tematic experiments have oeen carried out on the suita- 
hility of such materials for v;orl-: of this kind, so that 
in m^any cases it is very difficult to choose the proper 
material for a particular purpose. The author first in- 
vest i-^ates the conditions under ^rhich such slack dia- 
phragms are employed and then descrioes a nunher of in- 
struments most com.monly used for the testing of the r.a- 
t e ri al s . 

. :STj:.n:ART 



The present report deals \7ith systematic experim.ents 
carried out on five diaphra^;in materials v:±th different 
pret reatmicnt , for the purpose of ascertaining the suita,- 
Dility of such materials for slack diaphra-<^;ms . The rela- 
tionship of deflection and load, temperature and moisture, 
was recorded. Of the explored materials: synthetic leath- 
er, "balloon cloth, -;oldheat e r^s skin, leelit and Puna, syri- 
thetic leather - 1 reat ed with castor oil is the most suita- 
ble m.aterial for the small pressure range generally re- 
quired (20 to 50 mm water). Balloon cloth is- nearly as 
good, while goldheat^rs skin, Igelit and Buna were found 
to he "below tlie required sta,ndards. 

leather- exposure tests proved that t em.pera^ture and 
humidit;^r changes had little effect on the zero-point 
travel (diaphragm unloaded) of synthetic leather and bal- 
loon cloth, particularly, in contrast with goldbeaters 
skin. By rising temperature arxd humidity the zero-point 
travel is c ount e r di r c ct i onal and, in part, is canceled. 



*"TTerkstof f e fiir schlappe Membranen." Eorschung auf dem 
G-ebiete des I ngeni eurwe s en s , vol. 11, no. 1, January- 
February 1940, pp. 35-42. (Dissertation) 
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Por pra.ctica?s. purpo?-es a numoer of simplified test 
methods for ascertaining the climatic effects and the 
elastic "behavior of diaphra-^ms, arc ^ivon. 

1. lE'TPcODUCTION 

Although slack diaphra-'^ms (reference l) have oeen 
employed for a lon^ time for a multitude of purposes, 
there is' a lack of test data conc^rnin^ the properties of 
the ma-terial of v/hich such diaphragms are made- The in- 
vestigation was made in the lahoratory of the Askania Co., 
Berlin-?ri edonau (reference " ) • 

The material is '^^enerally classified as fcllo\7s: 

1, For metal diaphra-^ms : copper, orass, phosphor 
"bronze, "beryllium copper, r.onel , steel, or alum.inum. 



2. For slack diaphragms 
leather, duprene , gold'oeaters 
phane , glass cloth, a.s'bcstos. 



: ruooer, leather, bacterial 
skin, hallcon cloth, cello- 
ct c . 



The metal diaphragms, provided with several concen- 
tric grooves, are particularly suitahle for pressure suc- 
tion and differential pressure gauges up to around ±5000 mm 
water = 0.5 atmosphere. Instruments of this kind are used 
extensively in laooratories and industrial concerns. Of 
course, there are other suitably dimiensioned metal dia- 
phragm pressure motors which range up to ZOO atmospheres. 
Their usual diameter is about 150 millimeters. Slack dia- 
phragms are especially suitable for picking up weak im- 
pulses or low pressures a^nd can be made v:ith much greater 
diameter (300 mm or r.ore), ^vMch is an important factor 
for sensitive m.easuring or control instrum.ents (reference 
2), and therefore much preferred for quantitative measure- 
ments of gases (reference o). They a^re a.lso used exten- 
sively for regulating (for exa.r.ple, domestic and station- 
ga-s regulators) a.nd control (for instance, autom.:xtic di- 
rectional controls) purposes. 

2. HSqUIPwEMEIJTS FOR AIT "IISAL'^ SLACK DIAPHiLlG-M 



Slack diaT)hragms for regulating, measuring, or con- 
trol purposes should meet the following requirements: 
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1. Linear ascent of deflection "by increasing; load. 

2. Adequate reproduciliili ty of values (ma.ximum de- 
parture from theoretical value generall7,r not in excess of 
2 percent of recorded value). 

3. A minimum of h:^"steresis (i.e., la'^ oetween the 
upwardly and dovrnwardly measured values). 

4. Recording and operating ran-^'e must, with suffi- 
cient accuracy, lie within the strength limits of the di-- 
aphraf m . 

5. Constancy of indication hj humidity changes with- 
in a certain ran«s^e. 



5. Constancy of indication iDy temperature changes 
within a certain ran^e. 

Constancy of 7.ero point (no so-called zero-point 

t ravel ) . 



S. Diaphragm m.aterial of dom.estic raw materials wher 
ever po s si ole . 

9. Cheap enough to com.pete with other diaphra^mi m.a.te- 
rial s . 

10. The materials should "be availaole in ready form, 
or availaole for m.anuf acturi n^ , so as to miaintain uniform- 
ity of quality with safety. 

As regards the last r equi r em.ent , it is to 'be noted 
that the or^-;anic materials such as leather, rubber, etc., 
frequently disclose unavoidable defects, while sr^'-nthetic 
materials are ea,sier to m^anufacture in uniform quality, 

7>. EXPERIMEIITAL SCHEDULE 



Since all re^ulatin^, measuring, and control instru- 
ments operate on the principle of deflection of a dia- 
phragm under load, the chief problem consists of explor- 
ing the relationship between the diaphra-^m deflection and 
the af orem.entioned practical operating conditions. Since 
a slack diaphragm, collapses completely into its final po- 
sition, even at very low pressure, its deflection cannot 
be taken as an indication of its load. They therefore op- 
erate usuall;/ in conjunction with helical or flat springs, 
to which the pertinent impulses or forces are transmitted. 
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The invGGti^ation inclii '.ed five kinds of ciaphra^n 
materials, each of \vhich \7as cuhjected to different pre- 
treatments, or to close examination. These were: 



1". Synthetic leather (Anerican fishskin 



a) treated ^ith glycerin (hydroscopic) and, 
after drying, r:ith ratch oil; 

"b) pretreated T7ith v.-atch oil; 

c) pretreated with castor oil. 

2. G-oldheaters sl:in - 

a ) as delivered; 

"b ) pretreated V7ith \7atch oil, "bone oil, or 
castor oil ; 



c) very thin (t\70-ply). 

3. 1^,'elit - ' ■ 

a) with weo interlayer ( nanuf actur er : 7en di t or , 
Trcisdorf); 

h ) without weo liner; ' * 

c) ^ray ( manuf actur -^r : Veritas , Berlin) ; 

d) "brown; 

e ) "black ; . 
f ) very t'nin. 

4. Buna "12C'» - ■ . ' ' ' ' 

5. Balloon cloth - 



a) cotton fahric, treated. 18 times with synthet 
ic ruh"ber solution (manufacturer: Luft- 
schiffbau A.&., Berlin-Tempelhof ) ; 



h ) as "before, then covered with aluminum pov;dcr 
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Essentially, the problem consisted of estaolishin? 
the dependence of the diaphra^^m deflection under loads up 
to 20 and 50 millimeters of ^ater at different tempera- 
tures and relative air moisture. The materials were test- 
ed at 20^\ 40^, and 60^ C air temperatures and for a con- 
stant relative moisture of 30, 60, and 90 percent. 

4. EXPERIMENTAL A-RHAITGEMEITT 

e f 1 e c M_on . - Figure 1 illustrates diaphragm 
"box a vvith a cl-ariped diaphra'?m "b of 150 r.illiriet ers di 
ameter. Small rods h in the center of tlie diaphragm 
sea.t c transm.it the deflection - first to a, flat spring 
d fixed aoove , and then to the lever arm. of a r.irror "oiv- 
oted on axis e. The t emperatur e-re si st in^ rods h (of 
Invar) pivoted loosely in abates at c, d, and the lever 
of the m.irror, the whole hein^ held to^^'ethor "by tension 
springs f. In view of the sm.allness of the diaphra^m^ 
loads, and hence the deflections, the need for an accurate 
readin^^ as free as possihle from inertia, was param.ount , 
and this is oest achieved "by optical means with a li-^ht 
.hear, thrown on a m.irror and reflected 03'' it. 

To check this test arran-^iement , air was pumped into 
the diaphragm chariher v;ith a ruhoer oall at lead ? and 
the light po.th ooservod, while the pressure was recorded 
with an Askania riinimeter (graduation l/lOO mn water). 
Special preca^utions to prevent slanting of the diaphragm 
were found to he necessary. 

-. 

For calihration of the light path in millir.ctors of 
deflection, a m.icrom.eter screv/ substituted for the dia- 
phragm, so that the conversion factor of the light path, 
measured in scale graduations, was im.mediately ohtainahle 
in millimeters of deflection. 

The next problem, after proving the practicability of 
the sot-up in prclim.inary tests, was to provide a suitable 
method for a continuous record of the deflections under 
different loads; there the optical Askania r.ultiple record 
er was particularly suited. Its advantage over m.echanical 
ly recording instruments (ink or carbon black) lies in the 
complete absence of erroneous test values caused by fric- 
tion in the t ran sTii s si on rods and recording m.echanisr. ; 
besides, external accelerations and the location of the 
instrum.ent, which was originally intended for aircraft use 
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have no effect on the readin^^. One r,erious difficulty - 
that of nakin^ the rrhole experimental net-up conpletel^ 
li'^htproof - had to "be overcone. 

In the principal tests, a hydrostatic "balance served 
for producing the pressure in the diaphra-^jn ch'an'ber, One 
arn of the "balance carried a oell dipped in a sealing 
liq^uid, the air space of the "bell "bein^ connected with the 
diaphragn chan"ber "by a hose. The other scale am vraz 
loaded with weights. 

Air_condit ioncr (f ip:,_ 2 ) The clinatic chan'bor a is 
preceded "bv an atoriizing char.i"ber "b . The compressed air, 
carefully cleaned oy a filter of cor.pre^sor oil hefore pe.ss- 
ing through the nozzle c, atonizes the v/ater inducted 
from the "bottom through pipe d, and is heated "by gas 
"burner e to approxinat cly test tenperature. Then, the 
thus-humidified air reaches the clir.atic chamoer, v/here an . 
adjusta"ble elect ri c heater f keeps it vat constant test 
tenperature. A guide plate g conducts the air past the 
diaphragm. h, whence it is exhausted "by fan i. 

The diaphragm "box with springs and mirror, as of fig- 
ure 1, is solidly connected with the multiple recorder k. 
The part protruding into cham"ber a. is sealed "by ruoher 
tape. The recorder', "being mounted on an erstv/hile lathe 
support 1, could he mo ved, ho ri zontally and vertically. 
A dry-* and a wet-oul"b thermometer m served for moisture 
recording. In addition, the course of the moisture change 
was continuously recorded on a newly developed m.oisture 
recorder fitted with a hygroscopic mem^orane (Za.pon film, 
t rini t ro cellule se ) . This is the first approved experimen- 
tal design of the Bohnst edt-Askania moisture recorder and 
closely agreed with the hard-to-rcad hair-hygrometer 
(Fuess Co. , Berlin) . 

The suscept ihility • of the zapon film, to oil necessi- 
tated the af orem.ent ionod careful purification of the com.- 
pressed air from the oil entrained "by the compressor, 
quite apart from which a portion of the diaphragms were to 
he tested as r e c ei ved ; . i . e . , without oil ' t reatm.ent . 

The m.oisture recorder v;as com.pensa.ted for temperature 
hy a him.etallic strip and calihrated with the Assmann as- 
piration psy chrome t er . 

For' experimentation at low relative humidities, the 
dehumidif i cat ion of the air was foimd to he necessary. In 
consequence, .the atomization mechcanismx was rem^oved and a 
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vessel filled with calcium chloride fitted in the connect- 
ing pipe (fi^* 2) "between cham"ber a and atomization 
chamher o. 

Fi^;ure 3 is an interior view with front and side re- 
moved. !Pi^;ure 4 is an external view, showin.^ the 
shaped window a for the hygrometer and thermometer read- 
ings. Since the moisture coated the window, a windshield 
wiper "b (fi^. 3), was installed. 

5. TEST PROCEDURE 



S e al i n5_. t e s t . - Each diaphragm, after "being mounted to 
the "brass "box, was tested first for tightness. The pres- 
sure drop within 5 minutes was not to exceed 2 percent of 
the final value. The sealing compound was G-uro mastic or 
ideal ruoher and cement glue,. 

Tests ..with unloaded diaT)hragm.- These tests are funda- 
mentallv important in order to ascertain v:hether zero in- 
dication was preserved under temperature and hum.idity 
cha^nges, for without adequate zero-point constancy'- it is 
impossihle to achieve a reliable instrument. For these cx- 
perim.ents the "box with diaphragm^ mounted was screwed to 
the upright wall of char.'ber a (fig- •?), and the r.echan- 
ical connection between slack diaphragm, and mirror (fig. l) 
was estaolishcd hy insertion of rods h o.nd return springs 
f. The zero point of the luminous "bean was adjusted for a 
norr.al temperature of around 20^ C and 60 percent relative 
humidity, and the r-ove:.iont of the zero point ohserved at 
different temperatures and relative humidities. 

.?-2jt_s_wi t h_diaphr^^^ The pressure line g 

(fig. l) is connected to the hydrostatic "balance. As soon 
as pressure is applied to the diaphragm., it is necessary 
to check the correct movement of the light spot on the 
scale (focusing screen) aiivd also to ascertain the maximum 
value at which the light spot still remained on the scale - 
vhich has the. sam.e height (120 mm) a-s the film paper. It 
was found expedient to record first the related scale val- 
ues of the light spot on the screen for certain equal 
pressure stages - say, every 2 m.m, water - and then to de- 
cide on the "basis of the ootaincd values as to whether a 
photographic record was advisable. The pressure stages in 
all tests were adjusted hy weights on the hydrostatic oal- 
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ance which at the Scame time sive an indication for the 
pressure in the diaphra^jm cox and for the diaphragm load - 
starting fron zero to maximu": value and oack'a^ain in 
equal sta-^^es to zero, in order to ascertain ^rhether the 
test points assuiTie the same position on ^oin^ forward ar.d 
Dackward, and to ^a^e eventual discrepancies. The steady 
state must he awaited "before the respective diaphragm de- 
flection or li^ht spot is photographed. This stage wa,s 
found to have heen reached after a few seconds, although 
the new setting of the stages was effected at intervals of 
ahout 7>0 seconds. Depending on the type of test material, 
the pressure range chosen varies from 0 to 15 and 0 to 50 
millimeters of water. 

Photographs of the pressure stages disclose curves of 
the type shown in figures 5 and 5, where the ordinates give 
the light-spot path for the diaphragm deflecoion in scale 
divisions (Skt) at the individual pre'^.sure stages. The 
pressure at the separate stages is -;iven in millimeters of 
water. 

In principle, every material tested ^vas first photo- 
graphed at 20° C room temperature and 50 percent relative 
humidity. ?or measurement at higher temperatures (40^ and 
50° 0), the electric heater is used and the humidity ad- 
justed. The fan was an absolute' necessity in every test. 
Obviously, care must he taken in the mounting of thermom- 
eter, hygrometer, and humidity recorder, so that the read- 
ings actually correspond to the true temperature and hu- 
midity on the diaphragm. According; to preliminary tests, 
the readings of three thermom.et ers of the same type dif- 
fered 1 C at the most, and tne readings of two identical 
hygrometers, 5 percent , whi ch still may "he considered per- 
missible. No ^meas-urem.ent was started until the instrument 
reading had remained constant at least 3.0 minutes - a time 
interval long enough for t he> 'diaphragm to assume the de- 
sired attitude. 

5, .RESULTS 0? TESTS ■ 



.?^ffij:L2Pint_t ravel_h^^ .^A 20^ 0 air 

temperature and a 50-percent relative humidity constitutes 
an acceptable standard condition; departures due to changes 
in moisture and air tem.perature are determined by light- 
beam observation. All diaphragms registered a rise in 
zero point by constant humidity and temperature rise. A 
retrogressive motion of the zero point occurred by constant 
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temperature and rise in humidity; hence temperature and 
humidity effects a^ct in opposite directions. The order of 
ma-^nitude of the changes was loractically the sam.e in ooth 
cases for all the diaphragms explored. The worst condi- 
tions occurred at 20^ C and 90-percent relative humidity; 
and a^-;ain at 60^ C and 30-percent relative humidity, Ta- 
hie I %*ives the zero-point tra-vel between these two stages 
for the different materials (fi'^. 3). 



TABLE I 



Zero- 
point 


Syn- 
thetic 
leather 
t reat ed 


'^-oldheat er s skin 


I-elit , 


Balloon 
cloth 
with 


3una 


t ravel 


with 
cast 0 r 
oil 


thin 


thick 


very 
thin 


aluminuri 
powde r 


" 120" 


In scale 
di vi sions 


2 


1 1 

30 


44 


22 


5 


8 


. I n mm o f 
di aDhra-s^m. 
def 1 e c t i on 


0.022 


0.34 


0.49 


0.25 


0.056 


0.09 



G-cldoeaters skin and I-^elit are very inferior under 
-greatly varyin-^ humidity and temperature effects. Syn- 
thetic leather treated with castor oil, and oalloon cloth 
coated with aluminum powder, appefir to oe the most suita- 
Die materials, with a zero-point travel, of 2 and 5 scale 
divisions for the whole test ran^e of 20^ to 60^ C, and 30 
to 90 percent humidity which, hy a conversion fi^'ure of 89, 
is equivalent to an additional diaphragm, deflection of 
0.022 and 0.056 millimeter, respectively. The maximum 
changes for synthetic leather, as for "balloon cloth, are 
still within safe limits. 

£z^jisure-^t.a^e__jte^t_s On connecting the corners of 
the stepped curve (figs. 5 and 6), it can readily he seen 
if the diaphragm deflection changes linearly under load or 
does not change. A com.parison of the ascending with the 
descending stepped curve further indicates that the dia- 
phragmi deflection at the sar^e load stages lags hehind on 
the descending curve. Figure 5, plotted for synthetic 
leather, discloses the favorahle "behavior of this material: 
linear ascent and descent of the stepped curve; the hyste- 
resis of the descending curve itself is smiall. The "behavior of 
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I^elit (fi^^, 6) is very unsatisfactory, as is seen when 
the loads (pressure stages) are plotted p.^'^ainst the related 
diaphragm deflection as effected in figures 7 and 8 for the 
stejDped curves of figures 5 and 6 (curve l). The ascending 
and descending; curves forn a hysteresis loop, which is not 
closed, however, since the descending curve does not re- 
turn to the zero point (zero point deflection rather than 
zero point tra^velJ) out shows the greatest divergence at 
this point. The snail hyst eresis area of figure 7 is typ- 
ical of the favorahle attitude of synthetic leather as dia- 
phragn material in contrast with Igolit (fig. 8). The di- 
agrams further show the hysteresis for extreme temperature 
and humidity changes.- The lower hysteresis refers to lor; 
temperature and high relative humidity; the upper hystere- 
sis to high tcmpera.turc and low humidity. In most cases 
the height h of the stepped curves (figs. 5 and 5) changed 
fa.irly little, hence the hysteresis due to heat and humid- 
ity effect was merely shifted parallel (figs. 7 and 8). 

The characteristic quantities for the appraisal of tlie 
suitability of diaphragm rat e rial are as follows: 



TAELS II 



Material 


Eei^;ht 

h of 
stepped 
curve 
at 20" C 
an d 60 
percent 
rela- 
tive hu- 
r:idit:- 

S\t 


Load ran-^e 

r.n of 
vrnt e r 


Hvst e re si s 

0 point 
deflection 

pe rcent 


Height 
chan-^^e 

of 
nt epiDe d 
cur-re 

percent 


0 point 
t ravel 

percent 


Synt hat i c 
leather 

■ 


98 - 


20 


2 


2 


2 


Balloon 
cloth. 


91 


20 


2 




5 


5-oldT3eaters 
skin, thin 


90 


20 


2 


■ 

5 


30 


J oldbeat ers 
skin , thi ek 


85 


20 


2 


5 


50 


Icjelit, 
ver^ thin 


110 


30 


4 


15 


20 


Buna "120" 


.76 


50 


5 




29 
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The percent values refer to the nornial height of the 
stepped curve, second column, and represent ayera^jes oo- 
tained from the photo -'^^raphic records (alto^;ether 81, vrith 
4 to 6 stepped curves each). 

The height h of the stepped curves also chan^'ec un- 
der the effect of humidity and t empera.tur e ; the changes 
are sm.all for synthetic leather and never very considera- 
hle for any of the other materisls except I^elit. The 
zero-point travel also favors synthetic leather and "bal-- 
loon cloth, but none of the o t her. mat e ri al s . Accordingly, 
synthetic leather treated ^i".h castor oil rates highest 
(taole II;, with "balloon cloth (^^ith alumxinum powder) as 
second hest. The zero-point travel for ^^'oldoeat er s skin 
was particularly ^reat. I^elit and Buna also v-ere unsuit- 
able for the present purposes "because of their unfavorable 
charact oristics . 

In this connection the cxternall^^ visible actions on 
the different m.aterials during the climatic tests, mi^;ht 
be mientioned. 

The diaphra^^m. of -^^ly cer in- treat ed s^ynthetic leather 
remained soft even aftev the tests were comiiDleted, while 
the synthetic leather treated with bone oil became hard 
and brittle. Admittedly, the highly hy-;ro s copi c ^ylycerin, 
serving as impre^nator, has the disadvantage of making the 
diaphra-?;m. very susceptible to moisture. Since castor oil 
had stood up best, it was then used in all subsequent test 
series for synthetic leather. G-oldbeaters s]cin as deliv- 
ered (not treated) gradually became pervious during the 
measurement, especially at the sealing rin-? of the dia- 
phragm seat. Impregnation with different kinds of oil 
i, watch oil, bone oil, castor oil) resulted in very taut, 
almost par chment -like diaphra-^ms, and disclosed an indi- 
vidual characteristic which excluded them as slack dia- 
phragms within the required SFxall test ran^e, 7ery thin 
(two-ply) goldbeaters skin showed up no better. Several 
samples of • the 1 i 1 1 1 e- 1 e st e d new synthetic material, I^e- 
lit, v/ere subjected to a four-hour heat test at 75^ G, 
without mianifestin^ any changes. Buna "120" of 1-m.i llimet er 
thickness appeared considerably stiffer than any other ma- 
terial tested. A 12-day heat treatment in a drying oven at 
45^ C disclosed no change in the diaphra€;m material, nor 
in the test values. Buna "120" should be especially suit- 
able for hi^^h pressures. It can be summarily loaded up to 
2000 millimeters of water, according to ri^'idity tests. 
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Balloon cloth vras avail- "ble in tv:o versions - vrith 
and lyithcut a protective coating of fine alu'ninum pc^rder 
to prevent sticking. Follov^in^; .a l2-da;;"-dryin^ process 
at 45^ C in a drier, the halloon-clo th diaphragm \vas a^v'^-in 
measured in the optical fiailti recorder and air conditioner. 
The results shelved no changes, i.e., no mea-surahle effect 
of the protracted heat treatment. 

7. SIMPLIPICATIOIT 0? TESTS FOR PEACTICAL PUHPOSSS 



The measurenents in the optical r'.ul t i re cc rder r.re 
predicated on an elaoorate experinont al set-up. It seemed 
therefore, most important to first develop some experi- 
mental device for ootainin^ rou^h estimates, nakin^; it 
possiole to separate the fit from the titterlv unfit of a 
lar^e numoer of unkno'vn materials, quicklT'" and dep en da ol;^^ , 
so as to avoid unnecessary and time-consum.in^ experimen- 
tal laoor. To he^in v/ith, it was necessary to ^ain a sur- 
vey of the zero-point travel caused "by clim.atic effects. 
IText car.e the elasticity tests. It is in the nature of 
the "slack" diaphragm, tc have little or no elasticity, or 
stretch, under load. The elasticity effect or, as it is 
expressed, the individual characteristic of the diaphragm, 
is the real reason \7hy the stepped curves arc nonlinearly 
distorted. 

The climatic and elasticity effects finding ^-ioint ex- 
.p.ression in the stepped curvo^ and in the derived Hystere- 
sis, it is important that these effects he amenahle to sep 
arat e analyses v/ith sim^ple experimental arran^em.cnt s . 

^t.j:_i"o _t e g t s f or predi c^ing the clim.a c effect. . — A 
test strip ?0 millimeters T^ide and 100 millir.eterc lone; 
cut from, the m.aterial, is clam.ped.in a supporting plate of 
^lass (lo;7-temperature coefficient) and loaded in the cen- 
ter v:ith a li^ht wei-^ht (0.8 to 2.0 so as to secure an 
•unequivocally defined neutral position (fi^. 9). A point- 
er - the setting of which is read on a m.illim.eter scale 
with -the cathetometer - Indicated the . chan:P^e in the strip 
de'flection: once for variahle moisture content and con- 
stant temperature (fi*^. 10a), then for v.ariahle tempera- 
ture and con?3,tant humidity (fi-^. lOh ) . The deflection in 
"both casen v:as approximately linear except v;ith opposite 
prefix, as already estaolished in the previously discussed 
climatic tests* 



ITACA Techni.cnl Leno rcndum Ho. 254 



13 



To check the hor.O'^enGi of the riatcrio,! in all direc- 
tions, samvles were cut Icn^'thv/ise and crossv:if5e and test- 
ed .separately, 

-^iiX^iicit^r^t estj5 The deflection in relation to the 
load under normal temperature and moisture conditions was 
determined v/ith a diaphragm oor similar to that used in 
the principal test, out much smaller (34 mm diameter). 
The deflection was transm.itted hy means of a, metal hand to 
a pivoted mirror and the li^ht path read on a scale (con- 
version factor, 13). In this manner the same materials as 
oefore v/ere tested with the exception of Buna. Figure 11 
shows the elasticity - i.e., the relation of diaphra-?m de- 
flection and load. This was increased to 120 millimeters 
of water first, oecause the measurement of smaller pres- 
sure sta,-^es is experimenta.lly miore difficult, whereas the 
test method v/as to he simplified; secondly, in order to 
ohta^in - heyond the required sr-a.ll test ran^e - som.e infor- 
mation concerning any possioly existent undesired elastic 
elongation of the material. The oest qualities a.;ain were 
first, those of synthetic leather, and then oalloon cloth, 
whose curve was the same. 

The hysteresis of neither material is excessive. The 
ascent of the deflections under increasing load approaches 
a constant value, after which the curve cha.nges to a 
straight line. Igelit shows consideraole ext ensi oility ; 
goldoeaters skin, fairly little. There was no perceptihle 
deflection heloTy 16 millim.eters of water in any of the four 
diaphragm.s, hence no values "below 15 millimeters of water 
could he recorded. 



Translation cy J. Yanier, 
Fational Advisory Com.riittee 
for Aeronautics. 
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1.- Diaphragm box 
with mechanism transmit- 
ting the diaphragm de- 
flection on a rotating 
mirror. 
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Figure 2.- Experimental arrangement. 





Figure 7.- ^5rsteresis for synthetic 
leather under different climatic 
condition 

Curve i: air temp. 60^C,rel. humidity 85^ 
Conversion factor: 89 



lood 



Figure 9. -Simple 
test setup for ^o^^u^^^\ 
strip measure- 
ments. 



Figure 8.- Hysteresis for Igellt 
under different climatic conditions. 
Curve i: air temp. 20^C,rel. humidity A5i 
2: « 27^C, « « 95^ 

" 3:- " 63^C. « 38^ 

Conversion factor: 89 
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figure Inside viaw^ showing climatic chamber* 




a ^shaped window for hygrometer and thermomctor reading; 
Id rod with window wiper; c humidity recorder* 



figure 4.- View of instrument closed* 
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Figure 6.- Photographic record of 
stepped curve for I^elit. 
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Temperature 

TigureiO(a, b)Top-Diapiiragmdet''lectio:i at con- 
stant temp (19-21^C) , variable relative hurrldity 
Curve l-Sa:.Tple stri^D cut crosswise , load 2g 
Curve 2-Sa:iiple stri^ cut lengthwise , load 0.8g 
Bottom^ "Deflection at constant relative 
humidity of l^fo, and variable temperature. y 
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Figure 5.~ Photographic record of stepped 
curve for synthetic leather. 



20 .40 SO 80 100 120mm water 
Loai 

Figure 11.- Extensibility and nysteresis of different diaphragm 

materials , 
Curve l.-Igelit, very ohin. 

Curve 2.-Synt''.etic leather, treated with castor oil. 
Curve 3.-r;oli beater^s s„^in, tiiin, as received. 
Conversion factor 23. 



